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Fig. 9: Distribution of vegetation, water bodies, and surface moisture in the Matanomadh,
derived from MNDWI and NDVI indices. It highlights sparse vegetation typical of the arid

region and captures both permanent and temporary water sources, offering key insights for
ecological and water resource management.
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Fig. 10: Spatial distribution of clay mineral patches primarily Montmorillonite identified within
the 4 km? of Matanomadh using overlay analysis of Landsat-8 SWIR band ratios and Sentinel-2
imagery. The mapped patches highlight zones of clay-rich deposits, particularly concentrated
in geologically exposed or weathered regions, indicative of past hydrothermal or Pedogenic

processes.
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for mineralogical studies in semi-arid
terrains. Topographic and geomorphological
mapping revealed the interplay between
rugged uplands, pediments, and pediplains,
controlling networks and water
availability. Together, these results provide
a comprehensive synthesis of how geology,
landforms, vegetation, water, and mineral
resources interact under arid environmental
conditions. Beyond scientific outcomes, the
approach also aligns with SDG 4 (quality
education) by fostering accessible, data-
driven tools for earth science learning and
promoting geoscience literacy to address
environmental challenges.

river

However, remote sensing methods are
constrained by atmospheric interference,
sensor resolution, and spectral overlap
among minerals, while seasonal variability
can affect vegetation and water index results.
Ground validation, though conducted, was
limited in temporal scope, and future work
should integrate hyperspectral datasets,
and time-series monitoring for greater
accuracy. Moreover, bio-signature studies in
clay minerals offer promising avenues for
astrobiology and habitability research.

Looking ahead, expanding such research
will not only refine clay mineral detection and
bio-signature exploration but also strengthen
conservation frameworks. The Matanomadh
formation, with its unique mineralogical and
geo-environmental heritage, represents a
valuable geo-heritage site that requires urgent
preservation, protection, and community-
driven conservation. Safeguarding such sites
will ensure that their scientific, cultural, and
educational values are sustained for future
generations, while also reinforcing the role
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of geo-environmental research in global
sustainability efforts.
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